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pressive craniectomy and subsequent early cranioplasty
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【Abstract】Objective:    To compare the effect of
extensive duraplasty and subsequent early cranioplasty on
the recovery of neurological function in management of
patients with severe traumatic brain injuries received de-
compressive craniectomy .
 Methods:    The computer-aided designation of tita-
nium armor plate was used as a substitute for the repair of
skull defect in all the patients. The patients were divided
into three groups. Twenty-three patients were in early cran-
ioplasty group who received extensive duraplasty in craniec-
tomy and subsequent cranioplasty within 3 months after
previous operation (Group I). Twenty-one patients whose
cranioplasty was performed more than 3 months after the
first operation were in the group without duraplasty (Group
II); while the other 26 patients in the group with duraplasty
in previous craniotomy (Group III). Both the Barthel index
of activity of daily living (ADL) 3 months after craniotomy
for brain injuries and 1 month after cranioplasty and
Karnofsky Performance Score (KPS) at least 6 months after
cranioplasty were assessed respectively.
Results:    The occurrence of adverse events commonly
seen in cranioplasty, such as incision healing disturbance,
fluid collection below skin flap, infection and onset of post-
operative epilepsy was not significantly higher than other 2
groups. The ADL scores at 3 months after craniotomy in
Groups I-III were 58.9±26.7, 40.8±20.2 and 49.2±18.6. The
ADL scores at 1 month after cranioplasty were 70.2±25.2, 50.8
±24.8 and 61.2±21.5. The forward KPS scores were 75.4±19.0,
66.5±24.7 and 57.6±24.7 respectively. The ADL and KPS
socres were significantly higher in group I than other 2
groups.
Conclusion:    The early cranioplasty in those with ex-
tensive duraplasty in previous craniotomy is feasible and
helpful to improving ADL and long-term quality of life in
patients with severe traumatic brain injuries.
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Decompressive craniectomy
Decompressive craniectomy is a commonly usedprocedure in the treatment of grave craniocer-ebral injuries. It is often necessary to repair
skull defect following acute phase of craniocerebral in-
juries in an attempt not only to meet cosmetic needs
and provide mechanical protection but also to melio-
rate local blood flow and metabolism of the brain tis-
sues and accordingly facilitate neurofunctional recovery.1
In recent years, we have used autologous periosteum
or fascia tissues as the repairing materials for exten-
sive duraplasty in patients receiving decompressive
craniectomy. And subsequently a secondary cranio-
plasty with computer-aided designation of titanium ar-
mor mesh plate has been performed at an early stage.
The effects of early cranial bone repair on the
neurofunctional recovery and long-term quality of life
have been observed.
METHODS
Patients and grouping
Adult patients with severe closed head injury treated
by cranioplasty because of skull defect in our hospital
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from May 2004 to November 2009 were recruited in this
study. All the patients corresponded with the following
conditions: (1) GCS score of 5-8 before craniotomy; (2)
suffering from acute subdural hematoma, cerebral con-
tusion and laceration or intracerebral hematoma; (3)
the craniotomy via an enlarged pterion approach and
the skull defect of at least 8 cm×10 cm resulting from
decompressive craniectomy; (4) the repair of skull de-
fect by computer-aided designation of titanium armor
mesh plate. Twenty-three patients belonged to early
cranioplasty group (Group I), in which autologous peri-
osteum or fascia tissue was used for extensive dura-
plasty and the skull bone repair was implemented within
3 months after craniotomy. Forty-seven patients served
as control, in which the time for cranioplasty was more
than 3 months after craniotomy. They were classified
into 2 groups: 26 cases who received extensive dura-
plasty during craniotomy (Group II) and 21 cases whose
dura was not sutured (Group III). The age, gender, pre-
operative GCS score, and the area of skull defect were
matched between groups.
Surgical modality
Extensive duraplasty    The decompressive
craniectomy was conducted via an enlarged pterion
approach. The frontoparietal periosteum (and the tem-
poral fascia if necessary) was dissected ready for use.
After management of intracranial lesions, the dura was
cleaved up radiately and sutured interruptedly at the
interval of 5-10 mm with the autologous fascia along
the discission part of the dura (Figure 1).  Those with-
out dural suture were managed conventionally, i.e. at
the end of operation, the dura was cut open radiately
and covered the brain surface.1 The other surgical pro-
cedures were identical with the other groups.
The moulding of computer-aided designation
of titanium armor plate    The computer-aided desig-
nation of titanium moulding mesh plate was used as
mending material for cranioplasty. The wounded area
was scanned successively with 16-slice spiral CT with
the thickness of 1 mm to get three-dimensional (3D)
model data of the skull defect region, and thereby to
design 3D reconstruction model for repair of skull defect.
The data for replacement of the skull were transmitted
into a digital handling device, from which the titanium
mesh was designed and shaped automatically.
   Cranioplasty    Under general anesthesia, the
incision was made along previous approach. The skin
flap and the dural space between the temporal muscle
and brain surface were dissected, and care was taken
not to cut down the dural layer. After the defected bone
was exposed by turning over the skin and muscle flaps,
the shaped titanium mesh was attached to the defected
margin of the skull with 8-13 titanium nails according to
the defected size. The temporal muscle was sutured
and attached to the titanium mesh (Figure 2). Negative
pressure drainage was indwelled under skin flaps and
removed 24 hours postoperatively. Prophylactic antibi-
otics were administered conventionally.
Neurofuctional assessment
The activity of daily living (ADL) at 3 months after
injury and 1 month after cranioplasty in these patients
was assessed by Barthel index. All patients were fol-
lowed up for at least 6 months. The long-term quality of
life was assessed by Karnofsky Performance Score
(KPS) at the last follow-up.
Statistical analysis
The data were expressed asχ ± s and analysed by
Student’s t test or ANOVA with SPSS version 11.0
software. Significant difference was set at P<0.05.
RESULTS
Results of cranioplasty
The results demonstrated that early skull repair did
not increase complications seen commonly in
cranioplasty. The incidences of complications during
and after operation in early cranioplasty group and con-
trol groups are listed in Table 1.
Postoperative ADL and long-term KPS
 ADL and KPS in different groups are showed in Table
2. In non-early  cranioplasty groups, ADL score was higher
in patients treated by tension suture of the dura than those
whose dura left open (P=0.048), but lower than that of
early  cranioplasty group (P=0.012). At 1 month after
cranioplasty, ADL score was significantly higher in Group
I than Groups II and III (P=0.0047 and 0.017). Karnofsky
score and long-term quality of life in Group I were supe-
rior to those in Groups II and III (P=0.041 and 0.011).
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Figure 1. Extensive duraplasty. A: The harvested area of autologous periosteum (the dash line). B: The frontoparietal periosteum was
taken out completely. C: At the end of subdural operation, the dura was cleaved up radiately to the bone window margin, with which
autologous dura was sutured interruptedly. Figure 2. Cranioplasty. A: The temporal muscle was turned over and the titanium mesh
attached beneath the temporal muscle. B: The temporal muscle was sutured and attached to the titanium mesh.
Figure 3. A female patient aged 42 years underwent evacuation of epidural hematoma and decompressive craniectomy in other hospital
after falling injury. She was unconsciousness persistently after operation. On admission to our hospital, the patient’s GCS score was 5-
6, presented with dilated right pupil, as well as brain contusion and laceration associated with intracerebral hematoma at right temporal
lobe on CT scans (A, B). Craniotomy was performed immediately after admission to evacuate intracerebral hematoma. She recovered
consciousness about 1 week after operation. A repeated CT at the 3rd week after operation showed a median midline and clear cisterna
ambiens structure (C, D). Four weeks after craniotomy, the skull defect was repaired with individualized moulding titanium mesh (E, F).
Three months after cranioplasty, the patient recovered completely (G, H). The 3-D reconstruction of the skull was implemented before
cranioplasty (I). After cranial restoration, it is revealed by 3-D reconstruction of the skull that the titanium plate is symmetrical, cosmetic and
highy coincided with the skull defected area (J, K).
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DISCUSSION
Most severe craniocerebral injuries may present
striking elevation of intracranial pressure resulting from
primary brain injury or secondary hematoma/edema.
Intracranial pressure elevation will diminish cerebral
perfusion level, and finally may lead to ischemic necro-
sis and compression of brain tissues owing to cerebral
hypoperfusion and high intracranial pressure, which will
greatly threaten patients’ life and affect the quality of
life. Therefore surgical intervention is frequently man-
datory to evacuate hemotoma and damaged tissues
as well as to decompress.2 Classical decompressive
craniectomy can enlarge cranial capacity and greatly
relieve intracranial hypertension, and is often used to
rescue gravely intracranially injured patients.3 In recent
years, however, it has been found that decompressive
craniectomy can subject to a large area of skull defect
and destroy integrity of the skull cavity. As a result, the
intracranial content may repeatedly develop collapse-
bulge shift as the changes of body position. After
craniectomy, all the factors such as the adhesion be-
tween the dura on the brain surface and the bone win-
dow margin, the scar between the dura mater and skin
flap or cerebral cortex, as well as a direct press by
atmospheric pressure may cause traction, twist, and
compression on the brain, and impede local blood sup-
ply and venous return in the cortex. In addition, a large
area of skull defect can impact hydrodynamic distur-
bance on cerebrospinal fluid circulation, result in defor-
mity and expansion of affected cerebral ventricle and sec-
ondary organic lesions.4,5 Therefore, under the condi-
tion of skull defect, the neurologic function is difficult to
recover and patients are vulnerable to epileptic seizure.
Moreover, patients are liable to develop skull defect syn-
drome such as headache, dizziness, anxiety, etc.6
In order to avoid above-mentioned adverse effects
resulting from a large area of skull defect, reduce sec-
ondary brain insult, and promote neurofunctional recov-
ery and quality of life for these patients, cranioplasty is
generally necessary.7,8 Considering the operation may
compromise the dura on the brain surface and hence
result in brain tissue damage and increase the inci-
dence of leakage of cerebrospinal fluid and infection, it
was the common sense of surgeons previously that skull
repair should be performed 3-6 months after injury, 1,9 but
now the point of view has been gradually changed. 10-12
In recent years, we have used autologous perios-
teum (fascia) as dura-repairing patch for extensive
duraplasty. The secondary procedure for cranial resto-
Table 1. Clinical data and surgical results in each group
    Early cranioplasty group
Control group
Non-dura suture           Dura suture
Case (n)                                                           23                                       21                               26
Age (year,χ ± s)                                              38.7±12.6                         41.4±13.3                      39.1±13.7
Gender (male: female)                                      15:8                                    14:7                            17:9
Preoperative GCS score                                    6.6±1.1                             6.3±1.0                       6.4±1.1
Skull defect area (cm2,χ ± s)                         115.2±20.9                      119.3±19.8                 114.2±20.0
Perioperative meninges breakage                       0                                          2                                 0
Postoperative fluidity below skin flap                  1                                         1                                 1
Postoperative infection                                        0                                          0                                 0
Wound healing disturbance                                 1                                         1                                 1
Postoperative epilepsy                                        1                                         2                                 1
Parameters
Table 2. The neurofunctional recovery status in each group
Groups ADL score                Long-term KPSThree months after injury One month after cranioplasty  
I                                        58.9±26.7                                70.2±25.2                                             75.4±19.0
II                                      40.8±20.2                              50.8±24.8         66.5±24.7          
III                                     49.2±18.6                               61.2±21.5                        57.6±24.7
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ration of large cranial defect at an early stage (4 weeks-
3 months) was performed. The results indicate that it
will not increase adverse effects such as mater
breakage, infection, disunion of incision or fluidify be-
low skin flap. Moreover, the neurofunctional status is
superior in patients undergoing early cranioplasty to
controls. Patients receiving tension suture of the dura
had a better neural function than those without dura
suture. Therefore we believe that not only early cranio-
plasty but also extensive duraplasty is beneficial to re-
verse the adverse effects resulting from a large area of
skull defects. The dura suture can abate the adverse
results following decompressive craniectomy. Craniec-
tomy with dura open is liable to brain displacement,
deformity, twist or incarceration of brain tissue. Blood
oozing from the wound surface may enter the cistern and
ventricular system. The intraventricular cerebrospinal fluid
has the tendency to flow towards the decompressive win-
dow and form interstitial edema. All these pathologic
changes may lead to postoperative cerebromalacia, ce-
rebral atrophy, subdural collection of fluid, porencephaly,
hydroencephalus, and epilepsy.13, 14  The duraplasty will
minimize the incidences of cerebrospinal fluid leakage,
infection, bulge of brain tissue, and incisional hernia,
obviate the adhesion between brain surface and the
temporal muscle or skin flap, diminish the episode of
the secondary brain injuries and postoperative epilep-
tic seizure.
In this series, we used autologous periosteum
(fascia) for duraplasty. Autologous tissues, being
costless, abundant in operative field and easy to harvest,
featured in good ductility and optimal biocompatibility,
is the best material for tension suture of the dura. In
addition, extensive duraplasty only takes about 20-30
minutes and hence does not considerably prolong the
operation time.
It is believed that the peak time of intracranial hy-
pertension has passed over 4-6 weeks after surgical
intervention for head injury. Although this period is fea-
sible to perform cranioplasty, the cases selected for
early cranioplasty should satisfy the following
conditions: (1) Patients with high intracranial pressure
and midline shift should be excluded. For those asso-
ciate with hydroencephalus and brain tissue bulge, cere-
brospinal fluid shunt operation should be performed
beforehand. (2) Patients should belong to closed head
injury and have not any signs of intracranial or incisional
infection. In this series, we used versatile computer-
aided designation of titanium plate as skull-repairing
material. This material is convenient for surgical ma-
nipulation because it is thin and has high strength and
good histocompatibility, and already moulded based
on the shape of skull defect. It should be noted that the
3D design of preoperative molding titanium mesh is
based on the mirror image of the opposite side of
cranium, therefore the placement of the titanium mesh
during operation should accord with real anatomical
layer. Care should be taken to reserve lamellar tempo-
ral muscle and avoid compromising the meninges when
the temporal muscle is dissected. By doing so it will
greatly reduce relevant postoperative complications.
It is demonstrated in this study that extensive ten-
sion suture of the dura can not only relieve intracranial
hypertension, but also minimize the adverse effects
caused by decompressive craniectomy, and facilitate
performing early cranioplasty. The early cranioplasty
after dura decompression does not aggravate the le-
sion incurred by surgical intervention and increase post-
operative complications; on the contrary, it will facili-
tate neurofunctional recovery. Therefore we deem that
except existing concomitant acute encephalocele or
other urgent situations, extensive duraplasty is
recommended. In addition, early cranioplasty should
preferably be considered in patients undergoing decom-
pressive cranioectomy because of severe craniocerebral
injuries.
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